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(54) Computed tomography 

(57) A CT scanner includes a stationary gantry (A) 
defining an examination region (12) and a rotating gan- 
try (C) which rotates about the examination region. Mul- 
tiple fan beam generators (B), each capable of 
producing a beam of radiation directed through the 
examination region, are mounted to the rotating gantry. 
The radiation beams are coilimated (42) into a plurality 
of parallel thin fan shaped beams that are projected 
through the examination region. X-rays are detected by 
at least an arc of x-ray detectors or a plurality of parallel 
rings of detectors (14 1f 142... .14 n ). ™e detectors gen- 
erate signals indicative of the radiation received which 
are processed by a reconstruction processor (18) into a 



volumetric image representation for display on a moni- 
tor (20). In one embodiment, the signals are recon- 
structed into a series of spaced parallel slices. The 
object is indexed and additional slices are collected and 
reconstructed between previously reconstructed slices. 
In another embodiment, the region of interest moves 
such that each beam traverses a spiral path spanning 
one of a plurality of contiguous slabs. The multiple fan 
beam generators may be contained within a single elon- 
gated x-ray tube. Alternatively, the multiple fan beams 
can be generated by a plurality of angularly displaced x- 
ray tubes. 
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Description 

[0001] The present invention relates to computed 
tomography (CT), especially for diagnostic imaging. The 
invention finds particular application in conjunction with s 
volume CT imaging for medical purposes and will be 
described with particular reference thereto. However, it 
is to be appreciated that the present invention will also 
find application in conjunction with industrial, security, 
and other types of volume imaging apparatus and tech- w 
niques. 

[0002] In diagnostic imaging with CT scanners, a 
thin, fan shaped beam of radiation is projected from an 
x-ray source through a region of interest. The radiation 
source is rotated about the region of interest such that is 
the same thin slice of the region of interest is irradiated 
from a multiplicity of directions spanning 360°. In a third 
generation scanner, an arc of radiation detectors is 
mounted to the same gantry as the radiation source 
such that the two rotate together. In a fourth generation 20 
scanner, the x-ray detectors are mounted stationarily in 
a ring 360° around the subject. 
[0003] To image a volume of interest, a single slice 
image is typically generated. After a first slice image is 
generated, a subject support is indexed by a slice width 25 
generally on the order of a few millimetres, and another 
slice is generated. This slice image and index technique 
is repeated until slices spanning the volume of interest 
are generated. One drawback to this type of imaging is 
the relatively long time necessary to generate a large 30 
plurality of slices. Because the first and last slice are 
taken at a significantly different time, the volume image 
is distorted by a time evolution of the region of interest. 
[0004] In spiral scanning techniques, the patient is 
generally moved continuously through the x-ray beam 35 
as the x-ray source rotates around the region of interest. 
In this manner, the fan shaped beam of radiation and 
the region of interest move in a spiral pattern relative to 
each other. The continuous motion is faster than index- 
ing between slices, but still relatively slow. 40 
[0005] In order to reduce the imaging time, some 
scanners collimate the beam of radiation into two slices. 
When the beam of radiation is collimated into two slices, 
two sets of radiation detectors disposed end to end are 
commonly provided. Typically, the thickness of the irra- 45 
diated slice and the spacing between slices are adjust- 
able. Such adjustments are relatively straightforward for 
two beams of radiation. However, the requirement that 
each beam of radiation strike only a single set of radia- 
tion detectors renders collimation into more than two so 
beams mechanically awkward. Moreover, because the 
two beams originate from a common focal point, they 
are divergent, not parallel to each other. The divergent 
rays complicate and introduce errors into reconstruction 
techniques in which data is reconstructed into parallel 55 
slices. Moreover, as radiation from a single source is 
collimated into more beams, such beams become more 
widely divergent. 



[0006] Systems have been proposed for examining 
the region of interest with a cone beam of radiation. 
However, cone beam image reconstruction is computa- 
tionally intensive and slow. Moreover, cone beam imag- 
ing has a fixed resolution, based on detector size. 
Further, cone beam reconstructions tend to suffer from 
insufficiency of data problems, image artifacts, and 
other reconstruction errors. 

[0007] In accordance with the present invention, a 
CT scanner includes a stationary gantry portion defin- 
ing an examination region. A rotating gantry portion 
selectively rotates about the examination region. A plu- 
rality of anode elements, associated with the rotating 
gantry portion for selective bombardment by an electron 
stream, generate a plurality of parallel x-ray beams. A 
plurality of x-ray detectors receive the x-ray beams 
which have passed through the examination region. The 
detectors generate signals indicative of the x-ray beams 
received and a reconstruction processor processes 
these generated signals into an image representation. 
[0008] In accordance with the present invention, a 
method of diagnostic imaging includes concurrently 
generating a plurality of thin fan beams of penetrating 
radiation. The plurality of thin fan beams are passed 
through an examination region while the fan beams are 
concurrently rotating around the examination region. 
Each of the fan beams is detected after passing through 
the examination region and are used to generate elec- 
tronic signals indicative of an amount of radiation which 
has passed through the examination region. 
[0009] Ways of carrying out the invention will now 
be described in detail, by way of example, with refer- 
ence to the accompanying drawings, in which: 

FIGURE 1 is a perspective view of a continuous CT 
scanner system in accordance with the present 
invention; 

FIGURE 2 is a diagrammatic illustration of a set of 
x-ray beams produced according to the present 
invention; 

FIGURE 3 is a detail of a fourth generation CT 
scanner in accordance with the present invention; 

FIGURE 4 is a cross-section of a multiple anode x- 
ray tube suitable to meet the present invention; 

FIGURE 5 is a diagrammatic illustration of an alter- 
nate set of x-ray beams produced in accordance 
with the present invention; 

FIGURE 6 is a detail of an alternate embodiment of 
a fourth generation scanner according to the 
present invention; 

FIGURE 7 is a cross-section of the scanner from 
FIGURE 6; and 
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FIGURE 8 is a block diagram ol an exemplary con- 
trol circuit suitable to practice the present invention. 

[0010] With reference to FIGURE 1, a CT scanner 
includes a floor mounted or stationary gantry A whose 
position remains fixed during data collection. A multiple 
fan beam generator B is rotatably mounted on a rotating 
gantry C. The stationary gantry A includes a cylinder 1 0 
that defines a patient receiving region 12. A plurality of 
rings of radiation detectors 14 1f 14 2 ,...14 n are disposed 
concentrically around the patient receiving region 12. In 
the illustrated embodiment, the radiation detectors are 
mounted on the stationary gantry portion such that a 
corresponding arc segment of the detectors receives 
each fan beam of radiation from the radiation source B 
which has traversed a corresponding parallel path 
through the examination region 12. Alternately, as illus- 
trated in Figure 2, a plurality of arc segments of radia- 
tion detectors can be mounted to the rotating gantry 
portion C each in alignment with one of the fan beams 
to rotate with the x-ray source. 
[0011] A control console 16 contains an image 
reconstruction processor 18 for reconstructing a volu- 
metric image representation using signals from the 
detector array 14 1f 14 2> ... 14 n for display on a monitor 
20. 

[0012] The reconstruction processor 18 includes a 
plurality of reconstruction processors 18^ 18 2 ,...18 n , 
each preprogrammed using conventional slice image 
reconstruction algorithms. This is illustrated in Figure 2 
for the case in which the detectors are configured as a 
set of axially spaced arcs of detector elements (15), but 
applies equally to the stationary detector rings 14 1? 14 2 
etc. The output from each of the detector rings 14 1s 
14 2 ,...14 n is fed to a corresponding processor 18 19 
18 2 ,...18 n which reconstructs the data collected concur- 
rently into a series of slices. The series of slices is then 
stored in a volume image memory 22. If the x-ray 
beams are spaced immediately contiguous, then all of 
the slices of the volume image are reconstructed con- 
currently. However, in the preferred embodiment, the 
number of slices is less than the total number of slices 
in the volume and the slices are spread apart such that 
some fraction of the slices, e.g. every sixth slice, is gen- 
erated concurrently. Thereafter, a patient couch 24 is 
stepped one slice distance and the next set of slices is 
generated concurrently. In the present example in which 
one sixth of the slices is taken each time, this process is 
repeated six times. 

[0013] In another preferred embodiment, the slices 
are again spaced by some short distance. The patient 
table 24 moves in either direction through the imaging 
area or back and forth continuously as the x-ray beams 
rotate continuously. The motion of the patient table is 
selected such that the data collected by each of the 
radiation detectors spirals in each of a plurality of con- 
tiguous slabs. The data in each of the slabs is recon- 
structed, preferably concurrently by a plurality of parallel 



processors, using conventional spiral volume imaging 
algorithms. 

[0014] In yet another alternate embodiment, the 
patient table moves back and forth a sufficient distance 

5 that the spirals overlap. The conventional spiral imaging 
algorithm is modified such that each of a series of pref- 
erably parallel processors is updating a corresponding 
region of volume image memory 22, concurrently. 
[0015] The video monitor 20 converts selectable 

10 portions of the reconstructed volumetric image repre- 
sentation into a two-dimensional human-readable dis- 
play. The console 16 also includes appropriate tape or 
disk recording devices, performing image enhance- 
ments, selecting planes for viewing, 3-D renderings, or 

15 colour enhancements or the like. Various scanner con- 
trol functions such as initiating a scan, selecting among 
different types of scans, calibrating the system and the 
like are also performed at the control console. 
[0016] With reference to FIGURES 1 and 2, the x- 

20 ray generator B is elongated along an axis parallel to 
the examination region 12. Multiple parallel fan-shaped 
beams 30 15 30 2 ,...30 n are simultaneously produced. In 
.the embodiments illustrated in Figure 2, both the gener- 
ator B and the detector arcs 15^ 15 2 ,...15 n are 

25 mounted to the rotating gantry C. Preferably, the rotating 
gantry C rotates the apexes of the beams 30^ 
30 2 ,...30 n about the examination region 12 and radia- 
tion data is collected by the detectors 1 5. Volume scans 
are achieved by axially moving the couch 24 or region of 

30 interest through the examination region 12 and the plu- 
rality of x-ray beams 30^ 302,...30 n Any number of x- 
ray beams may be generated, and the time required for 
a volume scan or coverage time is reduced by a factor 
proportional to the number of x-ray beams used. 

35 [0017] FIGURE 3 depicts a single elongated x-ray 
tube 40 capable of generating n parallel fan-shaped x- 
ray beams 30^ 30 2 ,...30 n . The beams 30 1} 30 2 ,...30 n 
are generated and collimated by a collimator 42. The 
collimator 42 is disposed adjacent to the x-ray beam 

40 source and channels the beams 30^ 30 2 ,...30 n into a 
series of parallel axially spaced fan-shaped rays. The 
beams are attenuated as they pass through a subject 
44 and are received by the plurality of axially spaced 
detector arrays 14 1f 142,...14 n . Thedetector arrays 14^ 

45 I4 2 ,...14 n generate electrical signals each proportional 
to the radiation received along a corresponding ray of 
each fan. Alternately, the detector arrays could be con- 
figured as semi-circular arcs (15) sufficient to receive 
the x-ray beam arc and could further be rotatably 

so mounted to the rotating gantry portion in a third genera- 
tion scanner (as shown in FIGURE 2). 
[0018] Cross-referencing FIGURE 3 and FIGURE 
4, the axially elongated x-ray tube 40 houses a plurality 
of rotating anode elements 60 15 602,...60 n Each anode 

55 element 60^ 60 2 ,...60 n is associated with a cathode 
assembly 70 1s 70 2 ,...70 n , selectably excitable by a fila- 
ment power supply 80. When selected, each cathode 
assembly generates an electron stream which strikes 
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the corresponding anode element and produces x-ray 
beams. The x-ray beams are collimated by the collima- 
tor 42 into the plurality of parallel axialiy spaced x-ray 
beams 30 15 30 2 ,...30 n . 

[001 91 Alternatively, as seen in FIGURE 5, the radi- 
ation source generates axialiy spaced parallel x-ray 
beams 82 15 82 2 ,...82 n that are angularly spaced from 
one another with respect to the examination region 12. 
In the embodiment of Figure 6, a plurality of x-ray tubes 
90^ 90 2 ,...90 n are mounted onto the rotating gantry C. 
In a preferred embodiment in which n=3, the x-ray 
sources are evenly angularly separated at 120° inter- 
vals about the examination region 12, but may be 
spaced at any offset angle. The fan beams 82^ 82 2 , 82 3 
are received by the detector array 14 in specific, iso- 
lated areas 84 i? 84 2 , 84 3 . 

[0020] FIGURE 7 depicts a cross-section of the CT 
scanner of FIGURE 6 to depict more clearly the axial 
separation of the x-ray tubes 90 1s 90 2 , 90 3 . In the 
embodiment of Figures 6 and 7, a singe substantially 
continuous detector array 14 is mounted to the station- 
ary gantry portion A to receive the x-ray beams gener- 
ated by the x-ray tubes 90^ 90 2 , 90 3 . The x-ray beams 
82 1} 82 2 , 82 3 are dosely collimated to strike the single 
detector array 14 in locations angularly displaced from 
one another. Moreover, because the x-ray tubes are 
angularly spaced about the examination region 12, 
each x-ray beam 82 1t 82 2 , 82 3 is received by the detec- 
tor array 14 over a unique arc 84^ 84 2j 84 3 . In other 
words, the x-ray beams 82 1? 82 2 , 82 3 do not overlap, so 
that the single detector array 14 can produce signals 
representative of the three separate beams. 
[0021] In an alternate embodiment, a plurality of 
multiple anode element tubes, such as are illustrated by 
reference number 40 in FIGURE 4, are mounted in 
intervals around a plurality of rings of radiation detectors 
14j, 14 2 ,...14 n as illustrated in FIGURE 3. Again, the x- 
ray sources are spaced an appropriate distance such 
that each tan beam irradiates a unique arc segment of 
one of the rings. For example, three of the x-ray sources 
can be disposed about 120° apart around the examina- 
tion region. As yet another option, a larger number of 
multiple anode x-ray tubes may be positioned around 
the subject and the various anodes gated on and off to 
prevent more than one beam from irradiating a common 
detector element of one of the rings. 
[0022] Referring now to FIGURE 8 the x-ray tube 
assembly preferably includes a control circuit 100 for 
selectively powering the cathode assemblies 70. A cath- 
ode controller 102 is electrically connected between the 
filament current supply 80 and the individual cathode 
assemblies 70. The cathode controller 102 can be con- 
figured as a grid control tube, electrical switch circuit, or 
the like. A comparator 104 controls the cathode control- 
ler 102 based on selected inputs. Preferably the 
selected inputs include a profile input 106, a thermal 
profile memory or look up table 108, and a timer 110. 
The profile input 1 06 is preferably an input source where 



a technician can select a desired imaging pattern based 
on diagnostic needs. For example, the profile input 
desired may be for ail multiple fan beams to be used 
simultaneously providing a maximum number of image 
5 slices in the shortest time. On the other hand, the 
desired profile may be to alternate or cycle selected 
sub-sets of multiple fan beams, perhaps to cover a 
larger volume. 

[0023] As a further example, the technician may 

w desire a maximum number of slices within the tempera- 
ture envelope of the x-ray tube assembly. In this event, 
the thermal profile memory 108 is accessed to estimate 
the time that the anode elements can be bombarded 
with electrons before a period of rest, or non-use must 

15 occur to facilitate removal of excess thermal energy. 
The memory 108 is preloaded with thermal curves spe- 
cific to the anode elements of the tube. Then, when the 
tubes are powered, a timer 110 calculates the amount 
of time the individual cathodes have been on. This time 

20 allows the comparator to estimate thermal loading con- 
ditions of the anode elements in use by plotting the time 
onto the thermal profile memory. 
[0024] Regardless of profile desired, the compara- 
tor 104 receives the inputs, determines the sequence of 

25 operation and controls the cathode controller 102 to 
individually select specific cathode assemblies 70. 
[0025] The illustrated multiple fan beam computed 
tomography system has a number of advantages. One 
advantage resides in significantly improved imaging 

30 time as compared with conventional single fan beam CT 
systems. Another advantage is that volumes can be 
imaged substantially in real time. Another advantage 
resides in the ability to use existing reconstruction algo- 
rithms to generate images. 

35 

Claims 

1. A CT scanner comprising: a stationary gantry (A) 
portion defining an examination region (12); a rotat- 

40 able gantry (C) portion for selectively rotating about 
the examination region (12); a plurality of anode 
elements (60) associated with the rotatable gantry 
portion (C) for selective bombardment by an elec- 
tron stream generating a plurality of parallel x-ray 

45 beams (30); a plurality of x-ray detectors (14) 
receiving the x-ray beams (30) which have passed 
through the examination region (12) and generating 
signals indicative of the x-ray beams received; and 
a reconstruction processor (18) processing the 

50 generated signals into an image representation. 

2. A CT scanner as claimed in claim 1 , further includ- 
ing: a plurality of x-ray tubes (40) each including at 
least one of the plurality of anode elements (60) 

55 having at least one target face associated with at 
least one cathode assembly (70) disposed within a 
vacuum housing, the cathode assembly (70) being 
controlled by a controller (102) in response to a 
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control signal selectively generating the electron 
stream, each x-ray tube being mounted to the rotat- 
ing gantry portion (C), and spaced along an axis at 
a common angle relative to the examination region 
(12); and at least one collimator (42) externally 5 
adjacent to one of the x-ray tubes (40), where the 
collimator defines an opening having fan-shaped 
sides forming parallel fan-shaped x-ray beams (30). 

3. A CT scanner as claimed in claim 1 , further includ- w 
ing: a plurality of x-ray tubes (90) each comprising 
one of the plurality of anode elements having at 
least one target face associated with at least one 
cathode assembly disposed within a vacuum hous- 
ing, the cathode assembly being controlled by a is 
controller (102) in response to the control signal 
selectively generating the electron stream, wherein 
each x-ray tube is mounted to the rotating gantry 
(C) portion, the x-ray tubes (90) spaced along an 
axis at a plurality of predefined angles relative to 20 
the examination region (12); and a collimator exter- 
nally adjacent to each of the x-ray tubes (90), where 
the collimator defines an opening having fan- 
shaped sides forming parallel fan-shaped x-ray 
beams (82). 25 

4. A CT scanner as claimed in any one of claims 1 to 
3, wherein the plurality of x-ray detectors comprise 
a set of axially spaced continuous rings of detector 
elements (14) mounted to the stationary gantry (A) 30 
portion. 



8. A method as claimed in claim 6 or claim 7, wherein 
the thin fan beams (30) of radiation are parallel to 
others of the thin fan beams (30) and rotate about 
an axis of rotation and further including: continu- 
ously moving the examination region (12) and the 
parallel thin fan beams (30) of radiation along the 
axis (2) of rotation such that each of the parallel 
beams (30) of radiation traverse a spiral through the 
examination region. 

9. A method as claimed in any one of claims 6 to 8, 
wherein the fan shaped beams (30) of radiation 
rotate about an axis (2) of rotation and wherein an 
apex of each of the fan shaped beams (30) lies 
along a common line parallel to the axis (2) of rota- 
tion. 

10. A method as claimed in any one of claims 6 to 9, 
wherein an apex of at least some of the fan beams 
(82) is angularly offset around an axis (2) of rotation 
relative to an apex of others of the fan beams (82). 



5. A CT scanner as claimed in any one of claims 1 to 
3, wherein the plurality of x-ray detectors comprise 
axially spaced arcs of detector elements (15) 35 
mounted to the rotating gantry (C) portion, each arc 
opposite an apex of the x-ray beams (30). 



6. A method of diagnostic imaging comprising: con- 
currently generating a plurality of thin fan beams 40 
(30) of penetrating radiation; passing the plurality of 
thin fan beams (30) of penetrating radiation through 

an examination region (12) and concurrently rotat- 
ing the fan beams (30) around the examination 
region (1 2); detecting each of the fan beams (30) of 45 
radiation after it has passed through the examina- 
tion region (12) and generating electronic signals 
indicative of an amount of radiation which passed 
through the examination region (12); and recon- 
structing electronic signals into a volumetric image so 
representation. 

7. A method as claimed in claim 6, wherein the fan 
beams (30) of radiation are rotated about an axis of 
rotation and further including: causing relative axial 55 
movement along the axis (2) of rotation between 
the examination region and the parallel fan beams 
(30) of radiation. 
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(54) Computed tomography 

(57) A CT scanner includes a stationary gantry (A) 
defining an examination region (12) and a rotating gan- 
try (C) which rotates about the examination region. Mul- 
tiple fan beam generators (B), each capable of produc- 
ing a beam of radiation directed through the examination 
region, are mounted to the rotating gantry. The radiation 
beams are collimated (42) into a plurality of parallel thin 
fan shaped beams that are projected through the exam- 
ination region. X-rays are detected by at least an arc of 
x-ray detectors or a plurality of parallel rings of detectors 
(14 1f 14 2 ,...14 n ). The detectors generate signals indic- 
ative of the radiation received which are processed by 



a reconstruction processor (18) into a volumetric image 
representation for display on a monitor (20). In one em- 
bodiment, the signals are reconstructed into a series of 
spaced parallel slices. The object is indexed and addi- 
tional slices are collected and reconstructed between 
previously reconstructed slices. In another embodi- 
ment, the region of interest moves such that each beam 
traverses a spiral path spanning one of a plurality of con- 
tiguous slabs. The multiple fan beam generators may 
be contained within a single elongated x-ray tube. Alter- 
natively, the multiple fan beams can be generated by a 
plurality of angularly displaced x-ray tubes. 
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